and an impaired muscle pump disturbing the venous and lymphatic function (Dirette & Hinojosa, 1994; ExtonSmith & Crockett, 1957; Faghri, 1997; Leibovitz et al., 2007; Villeco, 2012) . Villeco (2012) maintained that edema occurs when an imbalance of pressures is present across the capillary membrane. Capillary filtration pressure moves fluid from the capillaries outward into the tissues, and tissue hydrostatic pressure moves fluid from the tissue into the capillaries. Edema develops when an imbalance is present in these pressures and more fluid remains in the interstitial space (Howard & Krishnagiri, 2001; Vasudevan & Melvin, 1979; Villeco, 2012) . Capillary filtration pressure and tissue hydrostatic pressure systems cannot function efficiently without joint movement (Petrek, Pressman, & Smith, 2000; Vasudevan & Melvin, 1979) , thereby causing increased risk of edema developing and remaining in a stroke-affected upper limb.
Persistent edema can cause pain, stiffness, and fibrosis; in some chronic cases, persistent edema may predispose clients to contracture (Giudice, 1990; Hunter & Mackin, 1984; Roper et al., 1999) . These conditions may lead to an overall loss of function in the extremity that prevents clients from engaging in activities of daily living and diminishes their quality of life (Vasudevan & Melvin, 1979) . Rehabilitation may be impeded, and occupational therapists may observe that the client has difficulty participating in occupational roles and activities as a result of the edema.
Compression Therapy for Poststroke Edema
Compression therapy is the application of a circumferential pressure around the affected extremity with the purpose of reducing edema volume (Woods, 2007) . Two singlecase-design studies have investigated the effect of different compression bandages in reducing edema of the strokeaffected hand (Gustafsson, Lunnon, Hoyle, Marshall, & Bower, 2015; Gustafsson, Walter, Bower, Slaughter, & Hoyle, 2014) . In the first study, Gustafsson et al. (2014) examined whether low-stretch (n 5 4) or high-stretch (n 5 4) bandages were more effective in reducing edema in the stroke-affected hand. In the second study, Gustafsson et al. (2015) examined whether bandaging of the entire limb (n 5 6) was more efficient than bandaging of the hand alone (n 5 6). Both studies demonstrated that compression bandaging for a 7-day period was an effective intervention technique for the short-term reduction of edema in the stroke-affected hand in all participants. No clear difference was found between the low-and highstretch bandages, and a trend was seen for bandaging of the entire limb to result in greater reduction in edema in the forearm. Both studies demonstrated that the edema returned after removal of the bandages, which suggested that future research is needed to find a treatment option to maintain the reductions gained from bandaging.
In clinical practice, compression garments are used to maintain the reductions gained from compression bandaging in clients with lymphedema (Johansson, Albertsson, Ingvar, & Ekdahl, 1999) . A single cross-over case-control study by Gracies et al. (2000) assessed the efficacy of the application of a custom-made upper-limb spandex garment on a range of factors poststroke, including edema. The garment consisted of a custommade sleeve for the arm and a glove that were targeted at improving positioning of the upper limb. Six participants in the study had limb edema, and the results indicated a small yet significant reduction in swelling of the fingers and forearm after the 3-hr treatment period (Gracies et al., 2000) . The results, although statistically significant, did not indicate a gain in long-term benefits from wearing the garment, and further studies are required to support the findings with this small sample.
A treatment center in the Netherlands has developed and trialed a protocol for the management of edema that includes cryotherapy, splinting, compression bandaging, and compression glove (Kuppens et al., 2014) . The trial was designed to determine the incidence and duration of edema across two rehabilitation centers and to evaluate the impact of the edema protocol at one center. It was the first longitudinal study to follow people with edema in their stroke-affected upper limb during the entire inpatient rehabilitation period (N 5 206) and £8 wk after discharge (N 5 128). The study did not demonstrate a treatment effect in favor of the protocol group, and the authors reported that group differences at baseline may have affected the results.
Compression Garments
The rationale for using compression to treat poststroke edema is based on its demonstrated effectiveness in the treatment of lymphedema. The application of compression garments to maintain the benefits gained from bandaging during the maintenance phase of lymphedema therapy has proven long-term efficacy (Bernas, Witte, & Witte, 2001; Johansson et al., 1999; Zuther, 2009) . Compression garments, which must be prescribed by the treating physician, are available in four classes: Classes 1 and 2 for lower compression and Classes 3 and 4 for higher compression (Zuther, 2009 ). Compression garments are further classified into two distinct knit types: circular and flat. Circular-knit garments are typically used for lower compression (Classes 1-2) in clients with early to moderate lymphedema (i.e., uniform swelling and <20% excess fluid volume). For clients with more severe lymphedema (i.e., an excess fluid volume of >20%), flatknit garments with higher compression (Classes 3-4) are more suitable. These garments are also prescribed for clients with limb-shape distortion (Lymphoedema Support Network, 2012; Woods, 2007) A common clinical practice in the area of stroke care is to have clients wear an edema glove that applies a lower level of compression after compression bandaging. Applying the principles outlined previously, poststroke edema is generally noted in the early phases and represents <20% excess fluid volume; one may therefore presume that clients presenting with poststroke edema may respond better to circular-knit compression garments than to flat-knit garments (Woods, 2007) . Studies evaluating the impact of compression bandages followed by compression garments for the stroke-affected upper limb have been limited. Therefore, this study contributes to the current body of evidence for edema management by exploring whether Class 2 circular-knit compression gloves retain the reduction in edema after the application of compression bandaging to the affected upper limb in people with stroke.
Method
A single-case-design study evaluated the use of compression gloves after treatment with compression bandaging for hand and forearm edema in 4 participants with poststroke edema. Approval for this study was received from hospital and university ethics committees. Informed written consent was obtained from the participants.
Participants
The participants were recruited from the rehabilitation unit, the acute stroke unit, or the internal medicine ward of a major metropolitan hospital. Inclusion criteria stated that the participant had to be medically stable and have the cognitive and communicative abilities to consent to treatment. Clinically evident edema of the hand and forearm, defined as observable swelling compared with the nonaffected hand and forearm, had to be present. The treating physicians gave medical consent for compression bandaging and the fitting of compression gloves on the basis of their patients' vascular and medical conditions.
Instrumentation
A precise protocol was developed to ensure the reliable measurement of hand and forearm circumference and volume. The same three research team members took measurements at the same time of day for each participant. Studies have indicated that circumferential measurements taken consistently by the same people have a high level of intrarater reliability (Jansen et al., 2010) . Using edema measurement tape, the team members collected data on circumferential measurements at five specific points on the affected upper limb: midproximal phalanx of the third digit, the metacarphophalangeal (MCP) joints, the wrist at the ulnar styloid, and at consecutive increments of 10 cm above the styloid process up to 20 cm. Interrater reliability has been established, with Cronbach's as ranging from .962 to .990 (Gustafsson et al., 2014) , which exceeds the minimal requirement for interrater reliability (Bravo & Potvin, 1991) .
Intervention
This was a pragmatic study that evaluated the best practice for edema management in the participating hospital center. Each participant received the same treatment: massage and elevation for 3 consecutive days, after which compression bandaging was applied for 7 days followed immediately by the application of a Class 2 circular-knit compression glove for 7 days. The circumferential compression bandaging was applied distally from the fingers to the axilla. The bandaging commenced on the ulnar side of the hand, wrapped twice around the MCPs with 50% stretch, and then continued through the web space of the thumb and up the arm using 50% overlap. A short stretch cohesive bandage was used for the fingers, and a low-stretch cohesive bandage was used for the palm and up the arm.
The compression glove used in this study was a Class 2 circular-knit compression glove, which was standard clinical practice in the treatment center. The glove can be purchased off the shelf and can immediately be applied to the affected hand. Circumferential measurements for the glove were taken at each finger, the thumb, and wrist. The size of the glove selected for each participant was dictated by the manufacturer's measurements, which corresponded to a glove size of small, medium, large, or extra large.
Procedure
The procedure for this study followed the measurement regimen of the previous studies (see Gustafsson et al., 2014 Gustafsson et al., , 2015 .
Baseline Phase A. After participant recruitment, the therapist took baseline measurements of the participants' stroke-affected upper limb on 3 consecutive days. Standard clinical interventions of massage and elevation were conducted during the baseline period.
Intervention Phase B. Compression bandaging was applied to the upper limb immediately after the third baseline measurement. The participants wore the compression bandages for a total of 7 days, and the bandages were removed on three occasions to record circumferential measurements. The compression bandages were not reapplied after the third measurement on the 7th day.
Intervention Phase C. A Class 2 circular-knit compression glove was applied to the stroke-affected hand immediately after removal of the compression bandages. The participants wore the gloves all day for a total of 7 days. The measurement protocol from Phase B was repeated, with three measurements at fixed intervals during the 7 days.
Data Analysis
Data analysis of single-case designs does not rely on statistical hypothesis testing of responses collected from a sample of participants. The standard method of data analysis in single-subject research is visual analysis of patient responses graphed over time (Bobrovitz & Ottenbacher, 1998) . Data for each measurement point were plotted on a graph and analyzed visually to determine the effects of the intervention. The graphs show the circumferential measurement points at each of the five anatomical positions for each participant. The data were split into three sections to delineate the different phases: baseline (A), bandages (B), and glove (C). Data within each phase were analyzed visually and by using celeration lines, which indicated the trend of the data. To draw the celeration line, data were taken from within each phase at the x-axis and split in half, halving the data again to find the median. The celeration line was drawn by connecting the median points within each phase (Portney & Watkins, 2009 ). The rate of change was determined by visually analyzing the stability, trend, and level of the celeration line within and between each phase (Portney & Watkins, 2009) .
Results
Four participants were recruited to the study, with time from stroke onset ranging from 35 to 82 days. No participants had active movement return; 3 had the left upper limb affected, and 1 had the right upper limb affected. Three participants had soft edema, and 1 participant had firm or fibrous edema. Two participants demonstrated some hypertonicity in their fingers. Figures 1-4 illustrate the data for the 4 participants, with celeration lines shown for each phase.
Within-Phase Analysis
Fluctuations occurred in the data in each phase, but there was a general trend as evidenced by the celeration lines. During Phase A, a mixed trend was shown for increasing or decreasing volume. In Phase B, a consistent trend across all anatomical points indicated a decrease in volume. During Phase C, the trend was for increasing volume at all anatomical points except the phalanx.
Between-Phases Analysis
Changes in the celeration line trend and level indicated that the compression bandages used during Phase B were generally effective in reducing edema volume. The decrease in volume was evident across all measurement points for all participants. The reductions in edema recorded during Phase B were retained at the phalanx for all participants, with a trend toward increasing edema at all other measurement points. There was a trend for measurements to not reach baseline levels, with the exceptions of Participants 3 and 4 at the styloid 1 20-cm measurement point.
Discussion
The aim of this study was to examine whether a compression glove maintained the benefits gained from compression bandaging of the stroke-affected hand and arm. Compression gloves are used to treat poststroke edema in the clinical setting predominantly on the basis of the evidence supporting the use of compression garments to treat lymphedema (Lymphoedema Support Network, 2012; Petrek et al., 2000) . Previous studies (Gustafsson et al., 2014 (Gustafsson et al., , 2015 have demonstrated that compression bandaging reduces hand and arm edema poststroke but that the edema returns after removal of the bandaging. This study followed the protocol for lymphedema management by first using compression bandaging to reduce edema and then administering the compression glove to maintain the reduction in edema levels (Bernas et al., 2001; Lymphoedema Support Network, 2012; Petrek et al., 2000; Woods, 2007) . Consistent with previous results, we found a general instability in edema levels with a tendency for daily fluctuations and a decreasing trend (i.e., increased rate of decrease) in edema measures after bandaging was applied (Gustafsson et al., 2014 (Gustafsson et al., , 2015 . However, the focus of this study was the maintenance effects of the compression glove. The results suggest that although edema volume did not return to preintervention levels, the glove did not successfully maintain the total benefits gained from the compression bandages.
Several factors require further exploration. First, the trend for maintenance or continuing reduction in the phalanx measurements and not in the MCP or wrist measurements suggests that effectiveness may have been affected by reduced fit of the glove. Unlike the custom garments used by Gracies et al. (2000) , the compression glove in this study was an off-the-shelf product, with standard sizing that makes it readily accessible in a clinical setting. To optimize results in future studies, each participant may require a custom-made compression glove designed to fit his or her specific measurements. Second, the return of the edema to the forearm and wrist suggest that a compression glove in isolation may not be sufficient and that the compression garment should extend further up the forearm, which may have significant implications for clinical practice because the compression garments in the Gracies et al. study incorporated the forearm and the upper arm.
A final consideration relates to assumptions made about the mechanism of the upper-limb edema that link lymphedema practices to poststroke edema. Typically, circular-knit garments with pressure ranging from Class 1 to Class 2 are prescribed to people with upper-limb lymphedema (Woods, 2007) . Circular-knit gloves tend to be thin in texture and can be bought over the counter. Because of the immediate availability of this type of glove and its use in upper-limb lymphedema, these gloves were used in the study treatment center. However, poststroke edema often presents in combination with hemiplegia of the upper limb, and this additional loss of muscle action and muscle pump may require a different type of glove. An alternative type of compression glove may have had better results among participants in this study. Flat-knit compression gloves are also used for people with lymphedema who require increased circumferential pressure (Classes 3-4). The flat-knit glove material is more expensive, thicker, and less elastic than the circular-knit glove material and can only be custom made to fit the patient (Woods, 2007) . The dynamic spandex splints used in the study by Gracies et al. (2000) were likely fabricated from a flat-knit compression garment because of the force required to effect the changes in positioning that were the focus of that study. Future studies should carefully consider the type of garment that is trialed, including knit, length, and type of fit.
This study was designed as an exploratory study and, therefore, because of the small sample size and the singlestudy research design, the study results do not allow for strong conclusions to be drawn. Future research studies would benefit from incorporating larger samples of participants and multiple types of garments (i.e., spandex, flat knit, custom made) with varying degrees of pressure (Classes 1-4) and lengths up the arm. Moreover, the study was completed at one treatment center and in a 15-day protocol that may have limited the treatment effects for individual participants. Future research would benefit from maintaining the compression bandaging for as many days as necessary until edema has been removed from the limb. A combination of these recommendations would provide clinicians with evidence to make stronger conclusions about the use of compression garments to treat hand and forearm edema poststroke.
Implications for Occupational Therapy Practice
The implications of this study for occupational therapy practice are as follows:
• The use of compression bandages seems effective in decreasing edema after stroke, but whether compression gloves can retain the reductions achieved remains uncertain.
• Further research is required to identify the most effective regimen to manage edema. Consideration of the material, the sizing, and the style of glove will be important factors when developing a maintenance strategy. Note. MCP 5 metacarpophalangeal.
